INTRODUCTION
A substantial amount of the research effort in distributed algorithm design has been devoted to the problem of detecting when a distributed computation
terminates. There are several reasons for the impressive number of publications on this subject. First, because the problem has shown up under varying A full description of the possible actions of processes is given in Algorithm 1. Action SP is the sending of a message; action RP is the receipt of a message; and action 1P is the transition of a process from active to passive.
Throughout the paper it is assumed that each action is executed atomically.
An action whose name is subscripted with p takes place in process (or object) p. An assertion between braces ({ and }) is a guard and means that the action can only be executed when the assertion is true. The construction of a termination detection algorithm is summarized in the following four steps.
(1) Form the set @ of objects, consisting of the root objects AP and one indicator object Z.
(2) Superimpose upon the actions of the basic computation the handling of the Z-reference. rep ( (1) The set @' of objects consists of the objects AP and the indicator object Z.
(2) Superimpose upon the actions of the basic computation the handling of the Z-reference. Algorithm 3 is obtained. For the correctness of the algorithm it is required that links deliver messages in the order they were sent. It is also interesting to compare the LRC scheme to the generational-refer- In each cycle, initially all nodes are white, and the following is done in a cycle: 1
(1) Color all roots gray.
(2) Sequentially visit all nodes. For all gray nodes, color the nodes to which they have references, gray.
(3) Sequentially visit all nodes and count the number of gray nodes.
(4) If more gray nodes were counted than in the previous round (more than the number of roots for the first round) go to step 2, otherwise to step 5.
(5) Collect the white nodes and make all nodes white. In the scheme used to obtain a termination detection algorithm each object can have at most one reference, which is always a Z-reference. The transformation is straightforward.
Rather than coloring the roots white at the end of each cycle and gray again at the beginning of the next one, assume that the roots are always gray by definition. The five steps of the algorithm are transformed as follows:
(1) (Gray the roots.) The roots (i.e., the processes AP ) are always gray, so this step is skipped.
(2) (Gray sons of gray nodes.) In this step the virtual object Z need not be visited as it has no sons. The processes AP are visited by arranging the processes in a (virtual) ring and passing a token along this ring. On this tour the token visits the processes in a "lazy" way: before actually visiting a process, it waits until the process is passive and thus has no reference at all. This does not hinder the liveness of the termination detection, because there is no termination while a process is active. As a result of this strategy no coloring is done in this round.
(3) (Count gray nodes.) There are n + 1 processes, and the n roots are known to be gray. It only needs to be determined whether any root has grayed Z, which is the case if a Z-reference has been installed (by the basic program) since the beginning of this cycle. To this end, a process (i.e., a root) becomes black when it would gray Z according to the scheme (namely, when becoming active). In order to see whether Z was grayed, the token again visits all processes, now testing whether any process is black.
(4) (Cycle completed?) If the second tour of the token reveals that no process is black, then Z is white, and the number of gray nodes is still n. In this case, go to step 5. If any node is black (i.e., Z is gray) there are now n + 1 nonwhite nodes, and the original algorithm would jump to step 2 in order to (try to) gray more nodes. However, in our case this is useless, as no nodes are white anymore, and we decide to terminate the cycle also. As Z is gray, it cannot be collected; hence, a new cycle of the collector must be started by resetting the color of all roots to gray and returning to step 2.
(5) (Collect.) The collection phase is entered with n gray nodes; i.e., the virtual node Z is white; therefore termination can be signaled. 
